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COMBINATTf^M THERAPY 

n= pn^Hit mvemion relate to a nBthod far tbe production of an antiangiogemc 
and/or ™aadar p«xn«M.y ,;«taci»g eftc, to a wanr^blooded antaal ^ch a. a hmnan which- 
,s optionally being treated wimioni^ radiation, paxticnlariy an^thod for the treannen. of a 
6 cancer, particularly a cancer involving a solid tmnour. which con>piisea one of the 
adnimstration of ZD6474 in combination with 5-RJ; ti>e adninatration of ZD6474 in^ 
combination with CPT- 11; and to adminiMration of ZD6474 in combination with 5-FU and 
CPT-11; to a pharmaceutical composition con,rting one ofi ZD5474 and 5-FU- ZD6474and 
CPT-1 1; and ZD6474 and 5-PU and CPT-11; K> a combination product conyriSing one of 
10 ZD6474 and S-FU; ZD6474 ^ CFT-ll; andZD6474 and 5-FU and CFT-ll, for use in a 
meflK.d of treatmm of ahumanor animalbody by therapy; to aki, conning one of 
ZD6474 and 5-FU; ZD6474 and CPT-ll; and ZD6474 and 5-FU and CPT-11; to the use of 
one of ZD6474 and 5-FU; ZD6474 and CFT-ll; and ZD6474 and 5-FU and CPT-11 in the 
mannftcture of amedicament for use in the production of an antiangiogeaic and/or vaacular 
1 6 penneabiUty reducing effect in a warm-blooded animal such as a human which ia optionally 
being treated with ionising radiation. 

Normal aagiogaiesis plays aa in5)ortant lote in a variety of processes incl^ 
eaibiyoBic developnient. woundhealing and several con^oneats of ferine reproductive 
function. Undesirable or pathological angiogenesis has been associated with disease states 
20 nicluding diabetic retinopathy, psoriasis, cancer, rheumatoid arthritis, atheroma. Kaposi's 

sarcoma ^d haemangioma (Fan et al, 1995. Trends Pharmacol Sci 16: 57-66; FoDcman. 1995 
Nature Medicine 1: 27-31). Alteration of vascular permeability is drought to play a role intotti 
normal and pathological physiological processes (Cullinan-Bove et al. 1993, Endocrinology 133- 
829-837; Seager et al, 1993. Cancer and Metastasis Reviews, 12: 303-324) Several 
25 Pol3^eptideswithmvi^.endotheMcengrowthpromotingactivityh^^^ 

mcludiBg. acidic and basic fibroblast growth factors (aFGF &bFGF) and vascular endotheHal 
growth factor (VEGI^. By Virtue of the restricted expression of its receptors, 
actmty of VEGF. in contrast to that of the PGFs. is relatively specific towards endothelial cells 
Recent evidence indicates that VEGF is ^ i^ortant stimulator of both normal and pathological 
^0 angxogenesis (Jakeman et al. 1993. Endocrinology. 133: 848-859; Kolchet al, 1995 Breast 
cancer Research and Treatment, 36:139-155) and vascular p«meabiHty (Connolly et al, 1989 J 
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Biol Chem. 264: 20017-20024). Antagonism of VEGF action by sequestration of VBGF witii 
antibody can result ia inhibition of tumoxir growth (Kim et al, 1993, Nature 362: 841-844). 

Receptor tyrosiae kinases (RTKs) are in^ortant in the transmission of biochemical 
signals across the plasma membrane of cells. These transmembrane molecules characteristically 
5 consist of an extracellular ligand-binding domaia connected through a segment in the plasma 
membrane to an intracellular tyrosine kinase domain Binding of Egand to the receptor results in 
stimulation of the receptor-associated tyrosiae kinase acti\dty which leads to phosphorylation of 
tyrosiae residues on both the receptor and other intracellular molecules. These changes in 
tyrosine phosphorylation initiate a signalling cascade leading to a variety of cellular responses. 

10 To date, at least nineteen distinct RTK subfamilies, defined by amino acid sequence homology, 
have been identifi^ed. One of these subfamiliejs is presently comprised by the fins-like tyrosine 
kinase receptor, Flt-l, the kinase insert domain-containing receptor, KDR (also referred to as 
FIk-1), and another fins-like tyrosine kinase receptor, Rt-4. Two of these related RTKs, Ht-l 
and KDR, have been shown to biad VBGF with high affinity (De Vries et al, 1992, Science 255: 

15 989-991; Termanetal, 1992, Biochem Biophys. Res. Conmi 1992, 187: 1579-1586). Binding 
of VEGF to these receptors expressed in heterologous cells has been associated with changes ia 
the tyrosiae phosphorylation status of cellular proteias and calcium fluxes. 

VEGF is a key stimulus for vasculogenesis and angiogenesis. This C3^okine induces a 
vascular sprouting phenotype by iaducing endothelial cell proliferation, protease expression 

20 and migration, and subsequent organisation of cells to form a capillary tube (Keck, PJ., 
Hauser, S.D., Rrivi, G., Sanzo, K, Warren, T., Feder, J., and Connolly, D.T., Science 
(Washington DC), 246: 1309-1312, 1989; Lamoreaux, WJ., Fitzgerald, M.B., Reiner, A., 
Hasty, KA., and Charles, S.T., Microvasc. Res., 55: 29-42, 1998; Pepper, M.S., Montesano, 
R., Mandroita, SJ., Orci, L. and Vassalli, J.D., Enzyme Protein, 49: 138-162, 1996.). In 

25 addition, VBGF induces signijBlcant vascular permeability (Dvorak, H.F., Detmar, M., Claffey, 
KP., Nagy, J.A, van de Water, L., and Senger, D.R., (Int. Arck Allergy Immunol, 107: 233- 
235, 1995; Bates, D.O., Heald, R.I., Cmxy, RB. and Williams, B. J. Physiol (Lond.), 533: 
263-272, 2001), promoting formation of a hyper-permeable, immature vascular network which 
is characteristic of pathological angiogenesis. 

30 It has been shown that activation of KDR alone is sufiBcient to promote aH of the major 

phenotypic responses to VEGF, including endothelial cell proliferation, migration, and survival, 
and the induction of vascular peraieability QVIeyer, M., Clauss, M., Lepple-Wienhues, A., 
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Walteaberger, J.. Augustin. H.G., Ziche, M., Lanz, C, Btittoer. M.. Rziha. H-J.. and Dehio 
C, BMBO J.. 18: 363-374, 1999; T^g, R, Sanyal. S. and Mukhopadhyay, D., J. BioL Chem 
276: 32714-32719, 2001; Gffle, H., KowaMd, J., Li, B., LeCouter. I, Moffat. B. Zioncheck. ' 
T.R, Pelletier, N. and Ferrara, R, J. BioL Chem, 276: 3222-3230, 2001). 
5 QuinazoliDe deifvatives which are inhfl^itors of VEGF receptor tyrosine kinase are 

described in International Patent AppUcation PubHcation Nos. WO 98/13354 and WO 01/32651 
In WO 98/13354 and WO 01/32651 con^pounds are described whicHpossess actr^dty agai^^st 
VEGF receptor tyrosine kinase whilst possessing sonie activity against EGF receptor tyrosine 
Idnase. The compound of the present invention, ZD647?t, faBs within the broad general 
10 disclosure ofWO 98/13354 and is exen?)lified in WO 01/32651. 

In WO 01/32651 it is stated that compounds of that invention: 
'toay be applied as a sole therapy or may involve, in addition to a con^^ound of the invention, 
one or more other substances and/or treatments. Such conjoint ixeatment may be achieved by ■ 
way of the simultaneous, sequential or separate administration of the individual con^jonents of 
15 the treatment" WO 01/32651 then goes onto describe examples of such conjoint treatment 
including surgery, radiother^y and many types of chemotherapeutic agent including 5- 
fluorouracil(5-FU) andirinotecan(CPT-ll). Nowherein WO 01/32651 does it state that. use 
of any con?«und of tlie invention therein with other treatments wifl produce surprisingly 
beneficial effects. 

20 Unexpectedly and surprisingly we have n6w found that the particular conpound 

ZD6474 used in conibination with a particular selection of combination therapies, namely willi 
one of: 5-FU; CPT-11; and 5-FU and CPT-ll, produces significantly better antiangiogenic 
and'or vascular permeabiHty reducing effects than any one of: ZD6474; 5-FU; CPT-11; and 5- 
FU and CPT-11 used alone. According to one aspect of the present iivention. ZD6474 used 
25 i^<^o^binationwithoneof:5-FU;CFr-ll;and5-FUandCPT.llproduces^ignificm^^^ . 
better anti-cancer effects than any one of: 2D6474; 5-FU; CPT^ll; and 5-Fu' and CPT-11 
used ione. According to one aspect of the present invention. ZD6474 used in combination 
with one of: 5-FU; CPT-11; and5-FU and CPT-ll produces significanfly better effects on 
solid tumours than any one oft ZD6474; 5-FU; CPT-ll; and 5-FU and CFT-ll used alone. 
30 According to one aspect of the present invention, ZD6474 used in combination with one of: 5- 
FU; CPT-11; and 5-PU and CPT-11 produces significantly better effects in colorectal canc« 
than any one of: ZD6474; 5-FU; CPT-ll; and 5-FU and CPT-11 used alone. 
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Aati-caacer effects of a method of treatment of the present invmtion include, but are 
not limited to., anti-tumonr effects, the response rate, the time to disease progression and the 
survival rate. Aati-tumour effects of a method of treatment of the present invention include, 
but are not limited to, inhibition of tumour growth, tumour growth delay, regression of 
5 tumour, shrinkage of tumour, increased time to regrowth of tumour on cessation of treatmmt, 
slowiQg of disease progression. It is expected that when a method of treatment of the present 
invention is administered to a warm-blooded animal such as a human, iu need of treatment for 
cancer, with or without a solid tumour, said 'method of treatment will produce an effect, as 
measured by, for exanqjle, one or more oft the extent of the anti-tumour effect, the response 

1 0 rate, the time to disease progression and the survival rate. 

According to the present iavention there is provided a method for the production of an 
antiangiogenic and/or vascular permeability reiiuciag effect in a warm-blooded animal such as a 
human, which comprises administering to said animal an effective amount of, 4-(4-bromo-2- 
fluoroamlino)-6-methoxy-7-(l-mefhylpiperidin-4-y]methoxy)q^ also known as 

15 ZD6474: 



ZD6474 

20 or a pharmaceutically acceptable salt thereof, before, after or sinoDoltaneously wititi an effective 
amount of one of: 

a) 5-FU; 

b) CPT-ll;aud 

c) 5-FU and CPT-11. 

25 Accordiug to a further aspect of the present invention there is provided a method for 

the treatmmt of a cancer in a warm-blooded animaT such as a human, which conaprises 
admtnistering to said animal an effective amount of ZD6474 or a pharmaceutically acceptable 
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salt thereof, before, after or simultaneously with an effective amoxtnt of one of: S-FQ; CPT-11; 
and 5-FU and CPT-11. 

According to a further aspect of tihe present invention fliere is provided a method for 
the treatment of a cancer involving a solid tmnour in a waim-blooded animal such as a human, 
5 which comprises administering to said animal an effective amount of ZD6474 or a . 
phaimaceuticaUy acceptable salt thereof, before, after or simultaneously with an effective 
amount of one of: 5-FU; CPT-11; and 5-FU and CFT-ll. 

According to a further aspect of the present invention there is provided a method for 
the treatment of colorectal cancer in a warm-blooded animal such as a human, which con^jmes 
1 0 administering to said animal an effective amount of ZD6474 or a phaimaceuticany acceptable 
salt thereof, before, after or simultaneously with an effective amount of one of: 5-FU; CPT-11; 
and 5-FU and CPT-11. 

According to a further aspect of the present invention there is provided a method for 
the production of an antiangiogenic and/or vascular peimeability reducing effect in a wann- 
1 5 blooded animal such as a human, which cou^rises administering to said animal an effective 
amount of ZD6474 or a phaimaceuticany acc^table salt thereof, before, after or 
simultaneously with an effective amount of one of: 5-FU; CPT-11; and 5-FU and CPT-11; 
wherein ZD6474, 5-FU and CPT-1 1 may each optionally be administered together with a ' 
pharmaceutically acceptable excipient or cairier. 
20 According to a further aspect of the present invention there is provided a method for 

the treatment of a cancer in a warm-blooded animal such as a human, which con^jrises 
administering to said animal an effective amount of ZD6474 or a phaimaceuticany acceptable 
salt thereof, before, after or simultaneously with an effective amount of one of: 5-FU; CPT-ll; 
and5-FUandCFr-ll;whereinZD6474,5-FUandCPT-llmayeachoptionanybe ' 
25 a^Jministered together with a phannaceuticanyaccq)tabkexc5)ient or cffl^^ 

According to a faxtb&x aspect of the present invention there is provided a method for 
the treatment of a cancer involving a solid tumour in a warm-blooded animal such as a human, 
which con?)rises administering to said animal an effective amount of ZD6474 or a 
phaimaceuticany acceptable salt thereof, before, after or simultaneously with an effective 
30 amount of one of: 5-FU; CPT-11; and 5-FU and CFT-ll; wherein ZD6474, 5-FU and CPT-11 
imy each optionany be administered together with a phaimaceuticany acceptable excqrient or 
cairier. 
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According to a furtiher aspect of the present inventioiL tiiere is provided a method for 
the treatment of colorectal cancer in a warm-blooded a-nrmal such as a human, which conqprises 
administering to said antmal an eflFective amonnt of ZD6474 or a pharmaceutically acceptable 
salt thereof, before, after or simultaneously with an eflfective amount of one of: 5-FQ; CPT-11; 
5 and 5-FU and CPT- 1 1 ; wherein ZD6474, 5-FU and CPT- 1 1 may each optionally be 
administered together with a pharmaceutically acceptable excipient or carrier. 

According to a further aspect of the invention there is provided a phannaceutical 
coiEposition which conoprises ZD6474 or a pharmaceutically acceptable salt thereof, and 5-FU 
in associatibn with a pharmaceutically acceptable excipient or carrier. 
1 0 According to a further aspect of the invention there is provided a pharmaceutical 

composition which coii5)rises ZD6474 or a pharmaceuticaEy acceptable salt th^eof, and CPT- 
11 in association .with a pharmaceutically acceptable excipient or carrier. 

• According to a further aspect of the invention there is provided a pharmaceutical 
con^josition which coir^jrises ZD6474 or a pharmaceutically acceptable salt thereof, and 5-FU 
1 5 and CPT- 11 in association with a pharmaceutically acceptable excipient or carrier. 

According to a further aspect of the present invention there is provided a combination 
product coii5)rising ZD6474 or a pharmaceutically acceptable salt thereof and 5-FU, for use in 
a method of treatment of a human or animal body by therapy. 

According to a further aspect of the present invention there is provided a conibination 
20 product conqjrising ZD6474 or a pharmaceutically acceptable salt thereof and CPT-1 1, for use 
in a method of treatment of a human or animal body by therapy. 

According to a further aspect of the present invention there is provided a combination 
product comprising ZD6474 or a pharmaceutically acceptable salt thereof and 5-FU and CPT- 
11 , for use in a method of treatment of a human or animal body by therapy. 
25 According to a further aspect of the present invention there is provided a kit 

con5)rising ZD6474 or a pharmaceutically acceptable salt thereof, and 5-FU, 

According to a further aspect of the present invention there is provided a kit 
corq)rising ZD6474 or a pharmaceutically acceptable salt thereof, and CPT-1 1. 

According to a further aspect of the present invention there is provided a kit 
30 corcprising ZD6474 or a pharmaceutically acceptable salt thereof, and 5-FU and CPT-1 1. 
According to a further aspect of the present invention there is provided a kit 
con^rising: 
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a) ZD6474 or a plMrmaceutically acceptable salt thfareof in a first unit dosage fonn; 

b) 5-FU in a second unit dosage fonn^ and 

c) container means for containing said first and second dosage forms. 

According to a further aspect of the present invention there is provided a kit 
5 con^rising: 

a) ZD6474 or a pharmaceutically acceptable salt thereof in a first unit dosage form; 

b) CPT-11 in a second unit dosage foma; and 

c) container means for containing said first and second dosage forms. 

According to a faxfber aspect of the present invention there is provided a kit 
1 0 conprising: 

a) 2D6474 or a pharmaceutically acceptable salt thereof in a first unit dosage form; 

b) 5-FU in a second unit dosage form; 

c) CPT- 11 in a third unit dosage form; and 

d) container means for containing said first, second and third dosage forms. 

1 5 According to a further aspect of the present invention there is provided a kit 

concprising: 

a) ZD6474 or a pharmaceutically acceptable salt thereof, together with a pharmaceutically 
acceptable excipient or carrier, in a first unit dosage form; 

b) 5-FU together with a pharmaceutically acceptable excipiait or carrier, in a second unit 
20 dosage form; and 

c) container means for containing said first and second dosage forms. 

According to a further aspect of the present kivention there is provided a kit 
corcprising: 

a) ZD6474 or a pharmaceutically acceptable salt thereof, together with a pharmaceutically 
25 acceptable excipient or carrier, in a first xmit dosage form; 

b) C3T-11 together with a pharmaceutically acceptable excipient or carrier, in a second unit 
dosage form; and 

c) container means for containing- said first and second dosage forms. 

According to a fiarther aspect of the present invaition there is provided a kit 
30 conqjrising: 

a) ZD6474 or a pharmaceutically acceptable salt thereof, together with a pharmaceuticany 
acceptable excipient or carria:, in a first unit dosage form; 
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b) 5-FU together with a pharmaceuticaHy acceptable excipient or carrier, ia a second unit 
dosage form; 

c) CPT-1 1 together with a pharmaceutically acceptable excipient or carrier, in a third unit 
dosage form; and 

5 d) container means for containing said first, second aad third dosage fonos. 

According to a further aspect of the present invention there is provided the iise of 
ZD6474 or a pharmaceudcally acceptable salt thereof and one of: 

a) 5-F(J; 

b) CPT-ll;and 

10 c) 5-FU and CPT-11 

in the noannfacture of a noedicanoent for use in the production of an antiangiogenic and/or 
vascular permeability redudng effect in a warm-blooded animal such as a human. 

According to a farther aspect of the present invention there is provided the use of 
ZD6474 or a pharmaceutically acceptable salt thereof and one of: 

15 a) 5-FU; 

b) CPT-11; and 

c) 5-FU and CPT-11 

in the manufacture of a medicament for use in the production of an anti-cancer effect in a 
warm-blooded atiTmal such as a human. 
20 According to a further aspect of the present invention there is provided the use of 

ZD 6474 or a pharmaceutica]ly acceptable salt thereof and one of: 

a) 5-FU; 

b) CPT-11; and 

c) 5-FU and CPT-11 

25 in the manufacture of a medicaroent for use in the production of an anti-tumour effect in a 
wamorblooded animal such as a human. 

According to a further aspect of the present invention there is provided the use of 
ZD6474 or a phamiaceutically acceptable salt thereof and one of: 
a) 5-FU; 
30 b) CPT-11; and 

c) 5-FU and CPT-11 
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in the maaufacture of a medicament for use in the production of an anti-cancer effect in a 
waim-blooded animal such as alaiman wherein the cancer is a colorectal cancer. 

A coiribination treatment of the present invention as defined herein may be achieved by 
way of the simultaneous, sequential or separate administration of the individual conqponents of 
5 said treatment. A combination treatment as defined herein may be applied as a sole therapy or 
may involve surgery or radiofherapy or an additional chemotherapeutic agent in addition to a 
combination treatment of the invention. Surgery may conqirise the step of partial or con^jlete 
tumour resection, prior to, during or after the admmistration of flie combination treatment with 
ZD6474 described herein. 

1 0 Other chemotherapeutic agents for optional use with a combination treatment of the 

present invention include those described in WO 01/32651 which is incorporated herein by 
reference. Such chemotherapy may cover five main categories of therapeutic agent: • 

(i) other antiangiogenic agents including vascular targeting agents; 

(ii) cytostatic agents; 

1 5 (iii) biological response modifiers (for example interferon); 

(iv) antibodies (for exancple edrecolomab); and 

(v) antiproliferative/antineoplastic drugs and coiribinations thereof, as used in medical 
oncology; and other categories of agent are: 

(vi) antisense therapies; 

20 (vii) gene therapy approaches; and 

(ix) immunotherapy approaches. 

The administration of a multiple combination of ZD6474, 5-FU and ionising radiation 
or ZD6474, CPT-11 and ionising radiation or ZD6474, 5-FU. CPT-11 and ionising radiation 
may produce effects, such as anti-tumour effects, greater than those achieved with any of 

25 2X)6474, 5-FU, CFT- 11 and ionising radiation used alone. The administration of a multiple 
combEdatiDn of ZD6474, 5-FU and ionising radiation or ZD6474, CPT-1 1 and ionising 
radiation or ZD6474, 5-FU, CFT-l 1 and iomsiog radiation may produce effects, such as anti- 
tumour effects, greater than those achieved with the combination of ZD6474 and 5-FU, greater 
than those achieved with the combination of 2D6474 and CFT-l 1 and greater than those 

30 achieved with the combiaation of ZD6474, 5-FU and CPT-11. The administration of a 
multiple combiaation of ZD6474, 5-FU and ionising radiation or ZD6474, CPT-11 and 
ionising radiation or ZD6474, 5-FU, CPT-11 and ionising radiation may produce effects, such 
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as anti-tumoiar effects, greater than those achieved with the conibinatioii of ZD6474 and 
ionising radiation, greater than those achieved with the conibination of 5-FU and iomsing 
radiation, greater than those achieved with the combination of CPT-1 1 and ionisiag radiation, 
and greater than those achieved with the conibination of 5-FU, CPT-1 1 and iordsiDg radiation. 
5 According to the present invention there is provided a method for the production of an 

antiangiogenic and/or vascular permeability reducing effect in a warm-blooded animal such as a 
human, which coiqprises admitristering to said animal aa effective amount of ZD6474 or a 
pharmaceutically acceptable salt thereof, before, after or simultaneously with an effective 
amount of 5-FCJ and before, after or simultaneously with an effective amount of ionisiag 
10 radiatioiL 

According to the present invention there is provided a method for the production of an 
antiangiogenic and/or vascular permeability reduciag effect in a warm-blooded aniroal such as a 
human, which conprises adiimistering to said animal an effective amount of ZD6474 or a 
pharmaceutically acceptable salt thereof, before, after or simultaaeously with an effective 
1 5 amount of CPT- 1 1 and before, after or simultaneously with an effective amount of ionising 
radiation. 

According to the present invention there is provided a method for the production of an 

antiangiogenic and/or vascular peimeability reducing effect in a warmrblooded animal such as a 

human, which coirprises administering to said animal an effective amount of ZD6474 or a 
20 pharmaceutically acceptable salt thereof, before, after or simultaneously with an effective 

amount of 5-FU, before, after or simultaneously with an effective amount of CPT-1 1 and 

before, after or simultaneously with an effective amount of ionisiag radiation. 

According to the present invention there is provided a method for the treatment of a 

cancer in a warm-blooded animal such as a human, which comprises adininistering to said 
25 animal an effective amount of ZD6474 or a pharmaceutically acceptable salt thereof, before, 

after or simultaneously with an effective amount of 5-FU and before, after or simultaneously 

with an effective amount of ionising radiation. 

According to the present invention there is provided a method for the treatment of a 

cancer in a warm-blooded animal such as a human, which con5)rises admdnistering tcT said 
30 aufmal an effective amount of ZD6474 or a pharmaceutically acceptable salt thereof, before, 

after or simultaneously with an effective amount of CFT-ll and before, after or simultaneously 

with an effective amount of ionising radiation. 
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According to the present invention there is provided a method for the treatment of a 
cancer in a waim.blooded animal such as a human, which comprises administering to said 
animal an effective amomt of ZD6474 or a pharmaceutically acceptable salt thereof, before, 
after or simultaneously with an effective amount of 5-FU, before, after or simultaneously with 
an effective amount of CPT- 1 1 and before, after or simultaneously with an effective amount of 
ionising radiation. 

According to the present invention tibere is provided a method for the treatment of a 
cancer involving a solid tumour in a warm-blooded animal such as a human, which coiqprises 
administering to said animal an effective amount of ZD6474 or a pharmacSutically acceptable 
salt thereof, before, after or simultaneously with an effective amount of 5-FU and before, after 
or simultaneously with an effective amount of ionising radiation. 

According to the present invention there is provided a method for the treatment of a 
cancer involving a soUd tumour in a warm-blooded animal such as a human, which comprises 
administering to said animal an effective amount of ZD6474 or a pharmaceuticany acceptable 
salt thereof, before, after or simaaltaneously with an effective amount of CPT-1 1 and before, 
after or simultaneously with an effective amount of ionising radiation. 

According to the present invention there is provided a method for the treatmmt of a 
cancer involving a solid tumour in a waim-blooded animal such as a human, which con^rises 
administering to said animal an effective amount of ZD6474 or a phannaceuticaUy acceptable 
salt thereof, before, after or simultaneously with an effective amount of 5-FU, before, after or 
simultaneously with an effective amount of CPT-1 1 and before, after or simultaneously with an 
effective amount of ionising radiation. ' 

According to a further aspect of the present invention there is provided a method for 
the production of an antiangiogenic and/or vascular permeabiiity reducing effect in a warm- 
blooded animal such as a human, which comprises administering to said animal an effective 
amount of ZD6474 or a pharmaceuticany acceptable salt thereof, before, after or 
simultaneously with an effective amount of 5-FU and before, after or simultaneously with an 
effective amount of ionising radiation, wherein ZD6474 and 5-FU may each optionaUy be 
administered together with a pharmaceuticaly acceptable excq)ient or carrier. 

According to a fiarther aspect of the present invention thare is provided a method for 
tte prcduction of an antiangiogenic and/or vascular permeability reducing effect in a warmr 
blooded animal such as a human, which comprises administering to said >m4m»i an effective 
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amount of ZD6474 or a pharmaceutically acceptable salt thereof, before, after or 
siniultaiieously with an effective amount of CPT- 1 1 and before, after or simultaneously with an 
effective amount of ionising radiation, wherein ZD6474 and CPT-1 1 may each optionaEy be 
adminis tered together with a pharmaceutically acceptable excipient or carrier. 
5 According to a further aspect of the present invention there is provided a method for 

the production of an antiangiogenic and/or vascular permeability reducing effect in a warm- 
blooded a nimal such as a human, which con5)rises administering to said flnimal an effective 
amount of ZD6474 or a pharmaceutica]ly acceptable salt thereof, before, after or 
simultaneously with an effective amount of 5-FU, before, after or simultaneously with an 

1 0 effective amount of CPT- 1 1 and before, after or simultaneously with an effective amount of 
ionising radiation, wherein ZD6474, 5-FU and CPT-11 may each optionally be administered 
together with a pharmaceutically acceptable excipient or carrier. 

According to a furtber aspect of the present invention there is provided a method for 
the treatment of a cancer in a warm-blooded animal such as a human, which con5)rises 

1 5 admini stering to said animal an effective amount of ZD6474 or a phamiaceuticaHy acceptable 
salt thereof, before, after or simultaneously with an effective anoount of 5-FU and before, after 
or simultaneously with an effective amount of ionising radiation, wherein ZD6474 and 5-FU 
xmy each optionally be adnoinistered together with a phannaceutically acceptable excipient or 
carrier. 

20 According to a ftirther aspect of the present invention there is provided a method for 

the treatment of a cancer in a warm-blooded anfmal such as a human, which comprises 
administering to said animal an effective amount of ZD6474 or a pharaiaceuticaUy acceptable 
salt thereof, before, after or sinoultaneoxisly with an effective amount of CPT-1 1 and before, 
after or simultaneously with an effective amount of ionising radiation, wherein ZD6474 and 

25 CPT-U may each optionally be adnoiaistered together with a phammceutically acceptable 
excipient or earner. 

According to a further aspect of the present invention there is provided a naethod for 
tb& treatment of a cancer in a warm-blooded antmal such as a human, which conqjrises 
administering to said animal an effective amount of ZD6474 or a pharmaceutically acceptable 
30 salt thereof, before, after or srnialtaneously with an effective amount of 5-FU, before, after or 
simultaneously with an effective amount of CPT-1 1 and before, after or simultaneously with an 



^ 100807-2 

-13.' 

effective amoimt of ionising radiation, wherem ZD6474, 5-FU and CPT-1 1 jnay each 
optionally be administered togete with a phannaceutically acceptable excipieat or cairier. . 

According to a fufther aspect of the present invention fbere is provided a method for 
the treatment of a cancer involving a solid tumour in a warm-blooded animal such as a human, 
5 which con5)rises administering to said animal an effective amount of ZD6474 or a 

phaimaceuticaHy acceptable salt tiiereof, before, after or simultaneously witii an effective 
amount of 5-FU and before, after or simultaneously with an effective amount of ionising 
radiation, wherein ZD6474 and 5-FU may each optionaHy be administered together witb a 
phamaaceuticaUy acceptable excipient or earner. • 
1 0 According to a further aspect of the present invention there is provided a method for 

the treatinent of a cancer involving a soM tumour in a warm-blooded animal such as a human, 
which con^iises administering to said animal an effective amount of ZD6474 or a 
phannaceuticany acceptable salt thereof, before, after or simultaneously with an effective 
amount of C3PT-11 and before, after or simultaneously with an effective amount of ionising 
1 5 radiation, wherein ZD6474 and CPT-U may each optionaHy be administered togetiier with a 
phannaceutically acceptable excipient or carrier. 

. According to a further aspect of the present invention there is provided a method for 
tiie treatinent of a cancer involving a solid tumour in a warm-blooded animal such as a human, 
which con5)rises administering to said animal an effective amount of ZD6474 or a 
20 phannaceutically acceptable salt thereof, before, after or simultaneously witii an effective 
amount of 5-FU, before, after or simultaneously with an effective amount of CPT- 11 and 
before, after or simultaneously with an effective amount of ionising radiation, wherein 
ZD6474, 5-FU and CPT-1 1 may each optionally be administered together with a 
phannaceutically acceptable excipient or cairier. 
25 According to a further aspect of the presait invention there is provided the use of 

ZD6474 or a phannaceuticany acceptable salt thereof and 5-FU in the manufacture of a 
medicament for use in the production of an antiangiogenic and/or vascular peimeability 
reducing effect in a wannrblooded animal such as a human which is being tieated with ionising 
radiation. 

SO According to a further aspect of flie present invention tiiere is provided flie use of 

ZD6474 or a phannaceutically acceptable salt thereof and CPT-l 1 in tiie manufecture of a 
medicament for use in tiie production of an antiangiogenic and/or vascular penneabiHty 
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redudng effect in a wann-blooded OThnal sach, as a human whicli is being treated with, ionising 
radiation. 

According to a furtiier aspect of the present invention there is provided the nse of 
ZD6474 or a phannaceutically acceptable salt thereof and 5-FQ and CPT-11 in the 
5 manufacture of a medicanient for use in the production of an antiangiogerdc aad/or vascular 
pemieability reducing effect in a warm-blooded antmal such as a human which is being treated 
with ionising radiation. 

Accordiog to a further aspect of the present invention there is provided the use of 
ZD6474 or a phannaceutically acceptable salt thereof and 5-FU in the manixfacture of a 
1 0 medicament for use in the production of an anti-cancer effect in a warm-blooded animal such 
as a human which is being treated with ionising radiation. 

According to a further aspect of the present invention there is provided the use of 
ZD6474 or a pharmaceutically acceptable salt thereof and CPT- 1 1 ia the manufacture of a 
medicament for use in the production of an anti-cancer effect in a warm-blooded antmal such 
15 as a human which is being treated with ionising radiation. 

According to a further aspect of the present invention there is provided the use of 
ZD6474 or a pharmaceutically acceptable salt thereof and 5-FU and CPT- 11 in the 
manufacture of a medicamimt for use in the production of an anti-cancer effect in a 
warm-blooded antmal such as a human which is being treated with ionising radiation. 
20 According to a further aspect of the present invention there is provided the use of 

ZD 6474 or a pharmaceutically acceptable salt thereof and 5-FU in the man\ifacture of a 
medicament for use in the production of an anti-tumour eJffect in a warm-blooded animal such 
as a human which is being treated with ionising radiation. 

According to a further aspect of the present invention there is provided the use of 
25 ZD6474 or a phannaceutically acceptable salt thereof and CTT-1 1 in the naanufacture of a 
medicamimt for use in the production of an anti-tumoiar effect in a warm-blooded animal such 
as a human which is being treated with ionising radiation. 

According to a further aspect of the present invention there is provided the use of 
ZD6474 or a pharmaceutically acceptable salt thereof and 5-PU and CPT- 11 in the 
30 manufacture of a medicament for use in the production of an anti-tumour effect in a 
warm-blooded animal such as a human which is being treated with ionising radiation. 



<(fl^ 100807-2 

According to a further aspect of the presoit inveation there is provided a therapeutic 
combination treatment comprising the administratioii of an efifective amount of ZD6474 or a 
phannaceuticany acceptable salt thereof, optionally together with a phannaceutically 
acceptable excipient or carrier, and tite administration of an effective amount of 5-FU, 
5 optionally together with a pharmaceuticaUy acceptable excipient or carrier and liie 

administration of an effective amount of ionisiag radiation, to a warm-blooded animal such as a 
human in need of such therapeutic treatment wherein the ZD6474. 5-FU andionising radiation, 
may be administered simultaneously, sequentially or separately and in any order. 

According to a further aspect of the preseat invention there is provided a therapeutic 
1 0 combination treatment comprising the administration of an effective amount of ZD6474 or a 
phaimaceutically acceptable sa]t thereof, optionally together with a phannaceuticany 
acceptable excq)ient or caitiar, and tbe administration of aneffective amount of CPT-11, 
optionaUy together with a pharmaceuticaUy acceptable excipient or carrier and the 
administration of an effective amount of ionising radiation, to a warm-blooded ^hr..! such as a 
1 5 human in need of such therapeutic treatment wherein the ZD6474, CPT-1 1 and ionising 
radiation may be administered simultaneously, sequentially or separately and in any order. 

According to a furth^ aspect of the present invention there is provided a therapeutic 
combination treatment comprising the administration of an effective amount of ZD6474 or a 
phaimaceuticany acceptable salt thereof, optionafly together with a phaimaceuticaHy 
20 acceptable excq)ient or carrier, and the administration of an effective amount of 5-FU, 
■ optionafly together with a pharmaceuticany acceptable excipient or carrier, and the 
administration of an effective amount of CPT- 1 1, optionaUy together with a phaimaceuticany 
acceptable excipient or carrier, and the administration of an effective amount of ionising 
radiation, to a warm.blooded animal such as a human in need of such therapeutic treatment 
25 wherein the ZD6474, 5-FU, CPT-11 and ionising radiation may be administered 
simultaneously, sequentiaUy or separately and in any order. 

A warmrblooded animal such as a human which is being treated with ionising radiation 
means a waim-blooded animal such as a hmaan wMch is treated with ionising radiation before, 
after or at the same time as the administration of a medicameat or combination treatment 
30 comprising ZD6474 and one of: 5-FU; CPT-11; and 5-FU and CPT-ll. For exan^jle said 
ionising radiation may be given to said warm-blooded animal such as a ir^^rr.^ within the 
period of a week before to a week after the administration of a medicament or combination 
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txeatment coiiqjrising ZD6474 aad one of: 5-FU; CPT-1 1 ; and 5-FU and CPT-1 1. This means 
that ZD6474, S-FQ, CPT-11 and ionising radiation may be administered separately or 
sequentially in any order, or may be administered simnltaneonsly. The warm-blooded animal 
may experience the effect of each of ZD6474, 5-FU, CPT-1 1 and radiation siraoltaneously. 
5 According to one aspect of the present invention the ionising radiation is administered 

before one of ZD6474 and one of: 5-FU; CPT-11; and 5-FU and CPT-11, or after one of 
ZD6474 and one of: 5-FU; CPT-11; and 5-FU and CPT-11. 

According to one aspect of the present invention the bnising radiation is adnmistered 
before any of ZD6474 and one of: 5-FU; CPT-11; and 5-FU and CPT-11 or after all of 

1 0 ZD6474 and one of: 5-FU; CPT-11; and 5-FU and CPT-11. 

According to one aspect of the present invention ZD6474 is administered to a warm- 
blooded animal after the animal has been treated with ionising radiation. 

As stated above the combination treatments of the present invention, that is ZD6474, 
optionally with ionising radiation, cordbined with one of: 5-FU; CPT-1 1; and 5-FU and CPT- 

15 11, as defined herein, are of interest for their antiangiogenic and/or vascular permeability 
effects. Angiogenesis and/or increased vascular pemaeabiHty is presait in a wide range of 
. disease states including cancer (including leukaemia, multiple myeloma and lymphoma), 
diabetes, psoriasis, rheumatoid arthritis, Kaposi's sarcoma, haemangioma, acute and chronic 
nephropathies, atheroma, arterial restenosis, autoimmune diseases, acute inflammation, 

20 lynq)hoedema, excessive scar formation and adhesions, endometriosis, dysfunctional uterine 
bleeding and octilar diseases with retinal vessel proliferation (including age-related macular 
degeneration). Combination treatments of the present invention are expected to be partic\ilarly 
useful in the prophylaxis and treatment of diseases such as cancer and Kaposi's sarcoma. In 
particular combination treatments of the invention are expected to slow advantageously the 

25 growth of primary and recurrent solid tumours of, for exairple, the colon, breast, prostate, 
lungs and skin. More particularly such combination treatments of the invention are expected to 
inhibit any form of cancer associated with YEGF including leukaemia, raulitple myeloma and 
lymphoma and also, for exan5)le, to inhibit the growth of those primary and recurrent solid 
tumours which are associated with VEGF, especially those tumomrs which are signific^antly 

30 dependent on VEGF for their growth and spread, including for example, certain tumours of the 
colon, breast, prostate, lung, vulva and skin. 
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According to one aspect of the present invention such combination tireatiments of the 
invention are expected to slow advantageously the growth of primary and secondary 
(recurrent) tumoiirs in colorectal cancer. 

In another aspect of the present invention ZD6474, optionaHy with ionising radiation. 
5 andoneof:5-FU;CPT-ll;and5-FUandCPT-ll are expected to inhibit the growth of those 
primary and recurrent soHd tumours which are associated with VBGF especially those tumonrs 
which are significanfly dependent on VBGF for their growth and spread. 

hi another aspect of the present invention ZD6474, optionally with ionising radiation, 
and one of: 5-FU; CPT-11; and 5-FU and CPT-11 are expected to inhibit the growth of those 
1 0 primary and recurrent solid tumours which are associated with both VBGF and EGF especially 
those tumours which are significantiy dependent on VBGF and EGF for their growth and 
spread. 

According to another aspect of the present invention the effect of a method of 
treatment of the present inventiori is expected to be at least equivalent to the addition of tiie 
1 5 effects of each of the con5)onents of said treatment used alone, that is, of each of ZD6474, 5- 
FU, CPT-11 and ionising radiation used alone. 

Axxording to another aspect of the present invention the effect of a method of 
treatment of the present inveation is expected to be greater than the addition of the effects of 
each of the components of said tireatment used alone, that is, of each of Zb6474, 5-FU, CPT- 
20 11 and ionising radiation used alone. 

According to another aspect of the present invention the effect of a method of 
treatment of the present invention is expected to be a synergistic effect. 

According to the present invention a combination treatment is defined as affording a 
synergistic effect if the effect is therapeuticaHy superior, as measured by, for &xainpi&, the 
25 exteat of the response, the response rate,' the time to disease progression or the survival p^iod, 
to that achievable on dosing one or other of the componaits of the combination treatment at 
its conventional dose. Fbr example, the effect of flie combination treatinent is synergistic if the 
effect is therapeuticafly superior to the effect achievable withZD6474, 5-FU, CPT-11, 5-FU 
and CPT-11, or ionising radiation used alone. Further, the effect of the combination treatment 
30 is synergistic if a beneficial effect is obtained in a group of patients fliat does not respond (or 
responds poorly) to ZD6474, 5-FU, CPT-1 1. 5-FU and CPT-1 1, or ionising radiation used 
alone. In addition, the effect of the combioation tireatment is defined as affording a synergistic 
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effect if one of the cortq^onents is dosed at its conventional dose aad the other corcponent(s) 
is/are dosed at a reduced dose and the therapeutic effect, as noeasnred by, for exarqple, the 
extent of the response, the response rate, the time to disease progression or the survival period, 
is equivalent to that achievable on dosing conventional amonnts of the corr:5)onents of the 
5 combination treatment. In particular, synergy is deemed to be present if the conventional dose 
of ZD6474, 5-FU, CPT-ll, 5-FU and CPT-ll, or ionising radiation noay be reduced without 
detriment to one or more of the extent of the response, the response rate, the time to disease 
progression and survival data, ia particular without detriment to the duration of the response, 
but with fewer and/or less troublesome side-effects than those tbat occtir when conventional 

10 doses of each coir5)onent are used 

The compositions described herein may be in a form suitable for oral administration, for 
cxwaple as a tablet or capsule, for nasal adiiMnistration or administration by inhalation, for 
example as a powder or solution, for parenteral injection (including intravenous, subcutaneous, 
intramuscular, intravascular or infusion) for exanq)le as a sterile solution, suspension or 

1 5 emulsion, for topical administration for example as an ointment or cream, for rectal 

administration for exanople as a suppository or the route of administration may be by direct 
injection into the tumour or by regional delivery or by local delivery. In other embodiments of 
the present invention the ZD6474 of the combination treatment may be delivered 
endoscopically, intratracheaHy, intralesionally, percutaneously, intravenously, subcutaneously, 

20 intraperitoneally or intratumourally. In general the conipositions described herein naay be 
prepared in a conventional manner using conventional excipiaits. The compositions of the 
present invention are advantageously presented in \init dosage form 

ZD6474 will normally be administered to a warm-blooded animal at a unit dose within 
. the range 10-500mg per square metre body area of the animal, for exarqple approximately 0.3- 

25 ISnog/kg in a human. A unit dose in the range, for exaii5)le, 0.3-15mg^g, preferably 

0.5-5mg/kg is envisaged and this is normally a therapeutically-ejSective dose. A unit dosage 
form such as a tablet or capsule will usually contain, for exmsple 25-500mg of active 
ingredient. Preferably a daily dose in the range of 0.5-5mg/kg is enployed. 

CPT- 1 1 is also known as irinotecan. CPT- 1 1 may be administered in accordance with 

30 any known route of administration and dosage. 

For example CPT-1 1 may be dosed at SSOmg/m^ as an intravenous infusion over a 30 to 90 
minute period every 3 weeks. 
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5-FQ is 5-flaoiouraciL 5-FU may be admimstCTed according to any known route of 
administration and dosage. " 

Fbr example 5-FQ may be given as an intravenous daily infusion of 15mg/kg diluted in SOQnil 
of 5% dextrose solution or 500ml 0.9% sodium chloride solution given by intravenous 
5 infusion: at the rate of 40 drops per minute over 4 hours; or iofused over 30 to 60 minutes; or 
as a daily continuous infusion over 24 hours. The daily dose of 5-FU is recommended not to 
exceed Ig. 5-FU is usually givai daily in one of these ways untfl 12-15g has been given and 
this constitutes one course of 5-FU. It is usual practice to leave 4 to 6 weeks between courses 
of 5-FU. Alternatively 5-FU may be dosed by intravenous injection at a dose of 12mg/kg on 

1 0 three consecutive days, followed by 6mg^g on days 5, 7 and 9 ie on the three following 
alternate days, followed by a maintenance dose of 5-15mg/kg by mtravenous mjection once a 
week. Alternatively 5-FU may be given by intravenous injection at a dose of 15mg/kg once a 
week for the duration of the patient's treatment. 5-FU may also be dosed intra-arterially as a 
regional perfusion at 5-7.5mg/kg by 24 hour continuous infusion. 5-FU may also be dosed 

1 5 oraUy at a dose of 15mg/kg once a week or at a dose of 15mg/kg for six successive days 
followed by 15mg/lcg once a week. 

5-FU is commonly administered with leucovorin. For the avoidance of doubt the 
combination treatments of the present invention include the use of 5-FU when given with, or 
without, leucovorin. 

20 Leucovorin may be administered according to any known route of administration and 

dosage. When used in combination with 5-FU, leucovorin is conveniently administered as 
calcium leucovorin and given intravenously. For example, calcium leucovorin may be given at 
a dose of 200mg/m' by slow intravenous injection, followed immediately by 5-FU at an initial 
dose of 370mg/m^ by intravenous injectioa The injection of leucovorin should not be given 

25 more rapidly than over 3-5 minutes because of the calcium content of the solution. This 
treatment is repeated daily for 5 consecutive days. Subsequent courses may be given after a 
treatment-free interval of 21-28 days. 

Alternatively the following regimen may be used: leucovorin 500 mgAn* given by 2 hour 
infusion every week for 6 weeks witii 5-FU 500 mg/m^ given as an iv bolus midway through 
30 the 6-week period. 

Alternatively the foHowing regimen may be used: leucovorin 200 mg/m^ given by iv 
2 hour infusion followed by 5-FU 400 mgto' iv bolus foDowed by 5-FU 600 mgAn^ given by iv 
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22 hour infusion, repeated for 2 consecutive days. The cycle is repeated every 2 weeks. 

Radiotherapy may be adnmustered according to tihe known practices in clinical 
radiotherapy. The dosages of ionising radiation wiH be those known for use in clinical 
radiotherapy. The radiation therapy used win include for exan5)le the use of y-rays. X-rays, 
5 and/or the directed delivery of radiation from radioisotopes. Other forms of DNA damaging 
factors are also included in the present invention such as microwaves and UV-irradiation. For 
exanple X-rays may be dosed in daily doses of 1.8-2.0Gy, 5 days a week for 5-6 weeks. 
Normally a total fractionated dose will lie in the range 45-60Gy. Single larger doses, for 
example 5-lOGy may be administered as part of a course of radiotherapy: Single doses may be 

10 administered intraoperatively. Hyperfractionated radiotherapy may be used whereby small 
doses of X-rays are admirdstered regularly over a period of tinoe, for example O.liGy per hom 
over a number of days. Dosage ranges for radioisotopes vary widely, and depend on the half- 
life of the isotope, tlie strength and type of radiation emitted, and on the uptake by cells. 
As stated above the size of the dose of each therapy which is required for the 

1 5 therapeutic or prophylactic treatment of a particular disease state will necessarily be varied 
deprnding on the host treated, the route of administration and the severity of the illness being 
treated. Accordingly the optimum dosage may be deterinined by the practitioner who is 
treating any particular patient. For exan5)le, it naay be necessary or desirable to reduce the 
above-mentioned doses of the con5)onents of the conoibination treattnents in order to reduce 

20 toxicity. 

The combination treatments of the present invention conqjrise: ZD6474 and 5-FU; 
ZD6474 and CPT-11; ZD6474, 5-FU and CPT-11; ZD6474, 5-FU and ionising radiation; 
ZD6474, CPT-11 and ionising radiation; ZD6474, 5-FU, CPT-11 and ionising radiation. The 
agents therein may be administered separately or sequentially in any order, or may be 
25 administered simultaneously. 

The present invaition comprises conobinations of 5-FU or CPT-1 1 or 5-FU and CPT- 
11 withZD6474 or with a salt of ZD6474. 

Salts for use in pharmaceutical con:5)Ositions will be pharmaceutically acceptable salts, but 
other salts may be useful in the production of ZD6474 and its pharmaceutically acceptable 
30 salts. Such salts may be formed with an inorganic or organic base which affords a 

pharmaceutically acceptable cation. Such salts with inorganic or organic bases iaclude for 
exanple an alkali metal salt, such as a sodium or potassium salt, an alkaline earth metal salt 
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such as a calcium or magnesium salt, an ammonium salt or for example a salt wifh 
methylamine, dimethylamine, triniethylamme, p5)eridine. moipholine or tris-(2- 
liydroxyethyl)amine. 

ZD6474 may be made, for example, according to any of the foflowing processes illustrated by 
5 exan5)les (a) -(c) in which, unless otherwise stated: - 

(i) evaporations were carried out by rotary evaporation m vacuo and work-up 
procedures were carried out after removal of residual solids such as drying agents by filtration; 

(ii) operations were earned out at anobient tenqjerature, that is in the range 18-25°C and 
under an atmosphere of an inert gas such as argon; 

10 (iii) column chromatography (by the flash procedure) and medium pressure Hquid 

chromatography (MPLQ were performed on Merck Kieselgel silica (Art. 9385) or Merck 
lichroprep RP-18 (Art. 9303) leversed-phase siHca obtained from E. Merck, Darmstadt, 
Germany; 

(iv) yields are given for illustration only and are not necessarily the maximum attainable; 
1 5 (v) melting points are uncorrected and were determined using a Mettler SP62 automatic 

melting point apparatus, an oil-bath apparatus or a Koffler hot plate apparatus: 

(vi) the structures of the end-products of the formula I were confinned by nuclear 
(generally proton) magnetic resonance (NMR) and mass spectral techniques; proton magnetic 
resonance chemical shift values were measured on the delta scale and peak mnltipHcities are. 

20 shown as follows: s, singjet; d, doublet; t, triplet; m, multiplet; br, broad; q, quartet; NMR 
spectra were run on a 400MHz machine at 24''C. 

(vii) intermediates were not generally ftiHy characterised and purity was assessed by thin 
layer chiomatography (TLC), high-perfomaance liquid chromatography (HPLQ. infi^-red (TR) 
or NMR analysis; 

25 (viii) the following abbreviations have beeaused:- 

DMF M,M-dimethylformamide' 
DMSO dimethybulphoxide 
TKDP tetrahydrofuran 
30 TFA trifhioro acetic acid 

NMP l-methyl-2-pyrrolidinone.] 
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Process (si) 

A solution of 37% aqueous foimaldeliyde (50/il, 0.6imiol) followed by sodium 
cyanoboroliydride (23ii3g, 0.36roinol) were added to a solution of 4-(4-broino-2-fluoroaiiilino)- 

6- methoxy-7-(piperidin-4-ylmet3ioxy)quinazoliue (139rag, O.Siranol), in a mixture of 

5 THF/methaaol (1.4ml/1.4ml). After stirring for 1 hour at ambient tenqperature, water was 
added and the volatiles were removed under vacuiiia The residue was triturated with water, 
filtered, washed with water, and dried under vacuum- The solid was purified by 
chromatography on neutral alumina ehitiag with methylene chloride followed by methyleae 
chloride/ethyl acetate (1/1) followed by methylene chloride/ethyl acetate/tnethanol (50/45/5). 

1 0 The firactions containing the e^spected product were evaporated under vacuuca The resulting 
white solid was dissolved in methylene chloride/methanol (3nil/3ml) and 3N hydrogen chloride 
ia ether (0.5ml) was added. The volatiles were removed under vacuum The solid was 
triturated with ether, filtered, washed with ether and dried under vacuum to give 4-(4-bromo- 
2-fluoro anilino)- 6-methoxy-7-( 1 -methylpiperidin-4-ylmethoxy) quiaazoline hydrochloride 

15 (120mg,69%). 

MS - BSI: 475-477 [MH]^ 

The NMR spectrum of the protonated form of 4-(4-brorno-2-fIuoroaniIiao)-6-methoxy^ 

7- (l-methylpq)eridin-4-ylnQeth03q^)quinazoline hydrochloride shows the presence of 2 forms A 
and B in a ratio A:B of approximately 9:1. 

20 NMR Spectrum: (DMSOdg; CF3COOD) 1.55-1.7 (m, form A 2H) ; 1.85-2.0 (m, form B 
4H) ; 2.03 (d, form A 2H) ; 2,08-2.14 (br s, fomi A IH) ; 2.31-2.38 (br s, formB IH) ; 2.79 
. (s, fomi A3H) ; 2.82 (s, fomiB 3H) ; 3.03 (t, form A 2H) ; 3.21 (br s, fomiB 2H) ; 3.30 (br 
s, formB 2H) ; 3.52 (d, fomiA2H) ; 4.02 (s, 3H) ; 4.12 (d, form A2H) ; 4.30 (d, foraiB 2H) 
; 7,41 (s, IH) ; 7.5-7.65 (m, 2H) ; 7.81 (d, IH) ; 8.20 (s, IH) ; 8.88 (s, IH) 

25 Elemental analysis: Found C 46.0 H 5.2 N 9.6 

C22H24N4O2BrFO.3H2O2.65Ha Requires C 45.8 H 4.8 N 9.7% 



The starting material was prepared as follows: 

A solution of 7-ben2yloxy-4-chloro-6-methoxyquiQazoliae hydrochloride (8.35g, 
30 27.8mmol), (prepared, for example, as described in WO 97/22596, Exatrple 1), and 4-bromo- 
2-fluoroaniline (5.65g, 29.7mmol) in 2-propanol (200ml) was heated at reflux for 4 homrs. The 
resulting precipitate was collected by fiOtoration, washed with 2-propanol and then ether and 
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dried under vacamn to give 7-benzyloxy-4-(4-lTOnK)-2-fhioroani]ino)-6-iiiete 
hydrochloride (9.46g, 78%). 

NMR Spectrum: (DMSOd^; CD3COOD) 4.0(s, 3H); 5.37(s, 2H); 7.35-7.5(m, 4H); 7.52- 
7.62(m, 4H); 7.8(d, IH); 8.14(9s, IH); 8.79(s, IH) 
5 MS - ESI: 456 [MH]* 

Elemental analysis: Found C 54.0 H 3.7 N 8.7 

C22Hi7N3O2BrF0.9HCl Requires C 54.2 H 3.7 N, 8.6% 

A solution of 7-henzyloxy-4-(4-hromo-2-fluoroani]ino)-6-iQethoxyquinazoline 
hydrochloride (9.4g, 19. Immol) in TFA (90iiil)* was heated at reflux for 50 minutes. The 
10 mixture was altowed to cool and was poured on to ice. The resulting precipitate was coHected 
by filtration and dissolved in methanol (70ml). The solution was adjusted to pH9-10 with 
concentrated aqueous ammonia solution. The mixture was concentrated to half initial volume 
by evaporation. The resulting precipitate was coUected by filtration, washed with water and 
then ether, and dried under vacaum to give 4-(4-hromD-2-fluoroanilino)-7-hydroxy-6- 
15 naethoxyquinazoliae (5.66g, 82%). 

NMR Spectrum: (DMSOd«; CD3COOD) 3.95(s, 3H); 7.09(s, IH); 7.48(s, IH); 7.54(t, 
IH); 7.64(d, IH); 7.79(s, IH); 8.31(s, IH) 
MS -ESI: 366 [MH]* 

Elemental analysis: Found C 49.5 H 3.1 N 11.3 

20 CisHuNsOTBrF Requires C 49.5 H 3.0 N 11.5% 

While maintaining the tenqjerature in the range 0-5°C, a solution of di-?ert-butyl 

dicarbonate (41.7g, 0. 19mDl) in ethyl acetate (75ml) was added in portions to a solution of 

ethyl 4-piperidinecarboxylate (30g, 0. 19mol) in ethyl acetate (15Qml) cooled at 5°C. After. 

stirring for 48 hours at ambient temperature, the mixture was poured onto water (300ml). The 
25 organic layer was separated, washed successively with water (20Qnil), 0. IN aqueous 

hydrochloric acid (20QmI), saturated sodium hydrogen carbonate (200ml)"and brine (200ml), 

dried (MgS04) and evaporated to give ethyl 4-(l-(rm-butoxycarbonyl)piperidine)carboxylate 

(48g, 98%). 

'H NMR Spectrum: (CDCI3) 1.25(t, 3H); 1.45(s, 9H); 1.55-1.70(m, 2H); 1.8-2.0(d. 2H); 2.35- 
30 2.5(m, IH); 2.7-2.95(t, 2H); 3.9-4. l(br s, 2H); 4.15 (q, 2H) 

A solution of IM lithium aluminium hydride in THF (133ml, 0.133mol) was added in 
portions to a solution of ethyl 4-(l-(tert'-butoxycarbonyl)p5,eridine)carboxylate (48g, 0. 19mol) 
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in dry TEIF (ISOnol) cooled at O^'C. After stining at 0°C for 2 hours, water (30inl) was added 
followed by 2N sodium hydroxide (lOnd). The precq)itate was removed by filtration through 
diatomaceous earth and washed with ethyl acetate. The filtrate was washed with water, brine, 
dried (MgS04) and evaporated to give l-(fe7t-butoxycarbonyl)-4-hydroxyniethylpiperidine 
5 (36.3g, 89%). 

MS (BI): 215 [M.]-f 

^HNMRSpectnm: (CDCI3) 1.05-1.2(in, 2H); 1.35-1.55(ni, lOH); 1.6-1.8(m, 2H); 2.6-2.8(t, 
2H); 3.4-3.6(t, 2H); 4.0-4.2(br s, 2H) 

l,4-Diazabicyclo[2.2.2]octane (42.4g, 0.378mol) was added to a solution of l-Ctert- 

1 0 batoxycarbonyl)-4-hydroxymethylpiperidine (52.5g, 0.244mol) in ^er^-butyl naethyl ether 

(525nDl). After stirring for 15 minutes at ambient tercperature, the mixture was cooled to 5°C 
and a solution of toluene sulphonyl chloride (62, 8g, 0.33mniol) in rerf-butyl methyl ether 
(525ml) was added in portions over 2 hours while maintaining the tenoperature at O^^C. After 
stirring for 1 hour at ambient ten^erature, petroleum ether (11) was added. The precipitate 

1 5 was removed by filtration. The filtrate was evaporated to give a solid. The solid was dissolved 
in ether and washed successively with 0.5N aqueous hydrochloric acid (2x500ml), water, 
saturated sodium hydrogen carbonate and brine, dried (MgSO^) and evaporated to give l-(^e/t- 
butoxycarbonyl)-4-(4-methylphenylsulphonyloxymethyl)piperi (76.7g, 85%). 
MS (ESI): 392 [MNa]"' 

20 NMR Spectrum: (CDCls) L0-1.2(m, 2H); 1.45(s, 9H); L65(d, 2H); 1.75-L9(m, 2H); 
2.45(s, 3H); 2,55-2.75(m, 2H); 3.85(d, IH); 4.0-4.2(br s, 2H); 7.35(d, 2H); 7.8(d, 2H) 

Potassium carbonate (414iiig, 3maiol) was added to a suspension of 4-(4-bromo-2- 
fluoroanilino)-7-hydroxy-6-mefhoxyquinazoline(546mg, 1 .5Tnmol) in DMF (5ml). After 
stirring for 10 minutes at ambient ten5>erature, l-(^e^^butoxycarbonyl)-4-(4- 

25 methy]phenylsulphonyloxymethyl)piperidine (636mg, 1.72minDl) was added and the naixture. 
was heated at 95**C for 2 hours. After cooling, the noixture was poured onto cooled water 
(20jrS), The precipitate was collected by filtration, washed with water, and dried under 
vacuum to give 4-(4-bromD-2-fhioroanilino)-7'(l-(^er^-butoxycarbonyl)piperidin-^ 
ylmethoxy)-6-methoxyquinazoline (665rQg, 79%). 

30 MS -ESI: 561-563 [MH]-' 
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NMR Spectrum: (DMSOd<;) 1.15-1.3 (m, 2H). 1.46 (s, 9H), 1.8 (d, 2H), 2.0-2. 1 (m, IH), 
2.65-2.9 (m, 2H), 3.95 (s, 3H). 4.02 (hr s, 2H), 4.05 (d, 2H), 7.2 (s, IH), 7.48 (d, IH). 7.55 (t. 
IH), 7.65 (d. IH), 7.8 (s, IH), 8.35 (s, IH), 9.55 (hr s, IH) 

TFA (3mr) was added to a suspension of 4-(4-bromo-2-fluoroanilino)-7-(l-(?e/t- 
5 butoxycarbonyl)piperidin-4-y]metiioxy)-6-metioxyqumazo]ine(673mg, 1.2inmDl) mmefliyleae 
chloride (lOmI). After stirring for 1 hour at ambient temperature, the volatSles were removed 
under vacuum The residue was triturated with a mixture of water/ether. The organic layer 
was separated. The aqueous layer was washed again with ether. The aqueous layer was 
adjusted to pHlO with 2N aqueous sodium hydroxide. The aqueous layer was extracted with 
10 methylene chloride. The organic layer was dried (MgS04) and the solvent was removed under 
vacuum The soKd was triturated with a mixture ether/petroleum ether (1/1), filtered, washed 
with ether and dried under vacuum to give 4-(4-bromo-2-fluoroamliQo)-6-methoxy-7- 
(piperidin-4-ylmethoxy)quinazo]ine (390mg, 70.5%). 
MS - ESI: 461-463 \MHT 

15 'H NMR Spectrum (DMSOdfi)!. 13-1.3 (m,2H), 1.75 (d,2H), 1.87-2.0 (m,lH), 2.5 (d,2H), 
3.0 (d, 2H), 3.96 (s, 3H), 3.98 (d, 2H), 7.2 (s, IH), 7.5 (dd, IH), 7.55 (t, IH). 7.68 (dd, IH), 
7.80 (s, IH), 8.36 (s, IH), 9.55 (hr s, IH) 

Elemental analysis: Found C 54.5 H 4.9 N 12.1 

C2iH22N402BrF Requires C 54.7 H 4.8 N 12.1% 

20 

Process Ha) 

37% Aqueous formaldehyde (3.5n3l, 42mmol) was added to a solution of 4-(4-bromo- 
2-fluoroanilino)-7-(l-(rert-butoxycarbonyl)piperic3in-4-ylniethoxy)-6-methDxyquinazoline 
(3.49g, 6.22imiol), (prepared as described for the starting material in process (a) above), in 
25 formic acid (35ml). After heating at 95°C for 4 hours the volatfles were removed under 

vacuum The residue was suspended in wata: and the mixture was adjusted to pHlO.5 by slow 
addition of a solution of 2N sodium hydroxide. The suspension was extracted with ethyl 
acetate. The organic layer was washed with brine, dried MgS04 and evaporated to give 4-(4- 

bromD-2-fluoroanilino)-6-metk)xy-7-(l-methylpiperidin-4-yknethoxy)quinazoline (2.61g, 
30 88%). 

MS - ESI: 475-477 [MH]* 
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'HNMR Spectrum (DMSOd^) 1.3-1.45 (m, 2H), 1.8 (d, 2H), 1.7-1.9 (m, IH), 1.95 (t, 2H), 
2.2 (s, 3H), 2.85 (d, 2H), 3.96 (s, 3H), 4.05 (d, 2H), 7.19 (s, IH), 7.5 (d, IH), 7.55 (t, IH), 
7.67 (d, IB), 7.81 (s, IH), 8.37 (s, IH), 9.54 (s, IH) 
Elemeatal analysis: Found C 55.4 H 5.1 N 11.6 

5 C22H24N402BrF Requires C 55.6 H 5.1 N 11.8% 



Process (6\ 

A suspension of 4-cMoro-6-naethoxy-7-(l-met]iylpiperidin-4-yJ^ 
(20Qn3g, 0.62inmol) and 4-hrom)-2-fluoroaDiline (142nig, 0.74nmiol) in isopropanol (3ml) 

1 0 containing 6N hydrogen chloride in isopropanol (llOjLtl, 0.68n)l) was heated at refhix for 1.5 
hours. After cooling, the precipitate was collected by filtration, washed with isopropanol 
followed by ether and dried under vacuum to give 4-(4-bromo-2-fluoroanilino)-6-methoxy-7- 
(l-rQethylpiperidia-4-y]methoxy)qxuna2«lia^ (304mg, 90%). 

Elemental analysis: Found C 47.9 H 4.9 N 10.0 

15 C22H24N4O2BrFO.5H2Ol.8HCl Requires C 48.2 H 5.0 N 10.1% 
0.08 isopropanol 

The NMR spectrum of the protonated form of 4-(4-bromo-2-fluoroaniIino)-6-rnethoxy- 
7-(l-rnethylpiperidin-4-ylmethoxy)quinazoline hydrochloride shows the presence of two forms 
A and B in a ratio A:B of approximately 9:1. 

20 ^H NMR Spectrum: (DMSOdg) 1.6-1.78 (mi, fomi A2H); 1.81-1.93 (br s, formB 4H); 1.94- 
2.07 (d, foim A 2H); 2.08-2.23 (br s, form A IH); 2.29-2.37 (br s, formB IH); 2.73 (d, foim 
A 3H); 2.77 (d, fomiB 3H); 2.93-3.10 (q, fomi A2H); 3.21 (br s, formB 2H); 3.27 (br s, 
foraiB 2H); 3.42-3.48 (d, form A 2H); 4.04 (s, 3H); 4.10 (d, forai A 2H); 4.29 (d, forinB 
2H); 7.49 (s, IH) ; 7.53-7.61 (m, 2H); 7.78 (d, IH); 8.47 (s, IH); 8.81 (s, IH); 10.48 (hr s, 

25 fomi A IH); 10.79 (br s, formB IH); 11.90 (br s, IH) 

For another NMR reading, some solid potassium carbonate was added into the DMSO 
solution of the 4-(4-bromD-2-fluoroanilino)-6-methoxy-7-(l-nQethyl^^ 

ylmethoxy)qTiinazoline hydrochloride described above, in order to release the free base in the 
NMR tube. The NMR spectrum was then recorded again and showed only one form as 
30 described below: 



t 
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NMR Spectrum (DMSOd<j; soHd potassiinn carbonate) 1.3-1.45 (m, 2H) ; 1.75 (d, 2H) • 

1.7-1.9(in, IH) ; 1.89 (t, 2H) ; 2.18 (s. 3H) ; 2.8 (d, 2H) ; 3.98 (s, 3H) ; 4.0 (d, 2H) ; 7.2 (s.' 

IH) ; 7.48 (d. IH) ; 7.55 (t, IH) ; 7.68 (d, IH) ; 7.8 (s, IH) ; 8.35 (s, IH) ; 9.75 (s, IH) 

- A sanqjle of 4-(4-bromo-2-fluoroani]ino)-6-methoxy-7-(l-metliylpiperidh^^ 

5 y]metlioxy)quiiia2olme (free base) was generated from tlie 4-(4-bromo-2-fluoroaniiino)-6- 

methoxy-7-.(l-metiiy^iperidin-4-y]metliDxy)quinazo]inehydrocMori^^ (prepared as described 
above), as follows: 

4-(4-BionK)-2-fluoroanflino)-6-nasfhDxy-7-(l-mefhylp5)eridin-4-yh^ 
hydrocMoride (50mg) was suspended in methylene chloride (2ml) and was washed with 

10 saturated sodiumhydrogen carbonate. The methylene chloride solution was dried (MgS04> 
and the volatiles were removed by evaporation to give 4-(4-bromD-2-fluoroanilino)-6- 
methoxy-7-(l-methylpiperidm-4-y]methoxy)quinazoline (free base). The NMR of the free base 
so generated shows only one form as described below: 

NMR Spectrum: (DMSOd^) 1.3-1.45 (m, 2H) ; 1.76 (d, 2H) ; 1.7-1.9(m, IH) ; 1.9 (t, 2H) ; 

15 2. 19 (s, 3H) ; 2.8 (d, 2H) ; 3.95 (s, 3H) ; 4.02 (d, 2H) ; 7.2 (s, IH) ; 7.48 (d, IH) ; 7.55 (t, IH) 
; 7.68 (dd, IH) ; 7.8 (s, IH) ; 8.38 (s. IH) ; 9.55(br s, IH) 

Fbr another NMR reading, some CF3COOD was added into the NMR DMSO solution 
of the 4-(4-broino-2-fluoroanilino)-6-inethoxy-7-(l-mefhy]piperidia-4-ylmethoxy)qui^ 
(free base) described above and the NMR spectrum was recorded again. The spectrum of the 

20 protonated form of the 4-(4-bromo-2-fIuoroanilino)-6-methoxy-7-(l-methylpiperidin-4- 

yln]elb.oxy)quinazoline trifluoroacetate salt so obtained shows the presence of two forms A and 
B in a ratio A:B of approximately 9:1. 

^H NMR Spectrum: (DMSOd^; CP3COOD) 1.5-1.7 (m, form A 2H); 1.93 (brs, formB4H); 
2.0-2.1 (d, form A 2H); 2.17 (hr s, form A IH); 2.35 (hr s, foimBlH)^, 2.71 (s, form A 3H); 
25 2.73 (s, formB 3H); 2.97-3.09 (t, fonn A2H); 3.23 (br s, fomiB 2H); 3.34 (hr s, formB 2H); 
3.47-3.57 (d, formA2H); 4.02 (s, 3H); 4.15 (d, formA2H); 4.30 (d, foimB 2H); 7.2 (s, IH); 
7.3-7.5 (m, 2H); 7.6 (d, IH); 7.9 (s, IH); 8.7 (s, IH) 

Tte starting material was prepared as follows: 

30 l-(^«'^-Butoxycarbony])-4-(4-methylphenylsulphonyloxymethyl)pq)eridine (40g, 

0. 1 Imol), (prepared as described for the starting material in process (a) above), was added to a 
suspension of ethyl 4-hydroxy-3-methoxyben2oate (19.6g, 0. Imol) and potassium carbonate 
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(28g, O.lwoT) in dry DMF (20QmI). After stkrmg at 95*^0 for 2.5 hoiirs, tiie mixture was 
cooled to ambient teii5)erature and partitioned between water and ethyl acetate/efher. The 
organic layer was washed with water, hrine, dried (MgS04) aad evaporated. The resulting oil 
was crystallised from petrolenm ether and the suspension was stored overnight at 5®C. The 
5 solid was collected by filtration, washed with petroleum ether and dried under vacuum to give 
ethyl 4-(l-(^er^-butoxycarbonyl)piperidin-4-ytoethoxy)-3-methoxybenzoate (35g, 89%). 
mp. 81-83^C 
MS (ESI): 416 (MNa]+ 

NMR Spectrum; (CDCI3) 1.2-1.35(m, 2H); 1.4(t, 3H); 1.48(s, 9H); 1.8-1.9(d, 2H); 2.0- 
1 0 2. 15(m, 2H); 2.75(t, 2H); 3.9(d, 2H); 3.95(s, 3H); 4,05-4.25(br s, 2H); 4.35(q, 2H); 6.85(d, 
lH);7.55(s, lH);7.65(d, IH) 

Elemental analysis: Found C 63.4 H 8.0 N 3.5 

C21H31NO6 O.3H2O Requires C 63.2 H 8.0 N 3.5% 

Formaldehyde (12M, 37% in water, 35ml, 420mmol) was added to a solution of ethyl 

1 5 4-(l-(^e7t-butoxycarbonyl)piperidin-4-ylmethoxy)-3--methoxybenzoate (35g, 89mrDol) in 
formic acid (35ml). After stirring at 95*^0 for 3 hours, the volatiles were removed by 
evaporation. The residue was dissolved in methylene chloride and 3M hydrogen chloride in 
ether (40ml, 120mmol) was added. After dilution with ether, the mixture was triturated until a 
solid was formed. The solid was collected by filtration, washed with ether and dried under 

20 vacuum overnight at 50°C to give ethyl 3-methoxy-4-(l-methylpiperidin-4- 
yhiiethoxy)benzoate (30. 6g, quant.). 
MS (ESI): 308 [MH]'' 

NMR Spectrum: (DMSOdg) 1.29(t, 3H); 1.5-1.7(m, 2H); 1.95(d, 2H); 2.0-2.15(br s, IH); 
2.72(s, 3H); 2.9-3. l(m, 2H); 3.35-3.5(br s, 2H); 3.85(s, 3H); 3.9-4.05(br s, 211); 4.3(q, 2H); 

25 7.1(d, lH);7.48(s, lH);7.6(d, IH) 

A solution of ethyl 3-raethoxy-4-(l-inethylpiperidin-4-ylmethoxy)be^ (30. 6g, 
89inmDl) in methylene chloride (75ml) was cooled to 0-5°C - TFA (37.5ml) was added 
followed by the dropwise addition over 15 nadnutes of a solution of fuming 24N nitric acid 
(7.42inl, 178mmol) in methylene chloride (15ml). After con5)letion of the addition, the 

30 solution was allowed to warn iip and stirred at ambient ten5)erature for 2 hours. The volatiles 
were removed under vacuum and the residue was dissolved in methylene chloride (50ml). The 
solution was cooled to 0-5^*0 and ether was added. The precipitate was collected by filtration, 
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and dried uBder vacumn at SO-C. The solid was dissolved iamethyleae chloride (500ml) and 
3M hydrog^i chloride in ete (3Qml) was added foHowed by ether (500ml). The soUd was 
conected by ffltration and dried under vacuum at 50OC to give ethyl 3-methoxy-4-(l- 
inethylpq)eridin-4-y]methoxy)-6-mtrobeiizoate (28.4g, 82%). 
5 MS (BSI): 353 [MH]+ 

NMR Spectrum: QDMSOd.) 1.3(t, 3H); 1.45-1.65(m, 2H); 1.75-2.1(m. 3H); 2.75(s, 3H)- 
2.9-3.05(m, 2H); 3.4-3.5(d, 2H); 3.95(s. 3H); 4.05(d, 2H); 4.3(q, 2H); 7.32(s. IH); 7.66(s. 

IH) 

A suspension of ethyl 3-mefho;Q.-4-(l-methylpiperidin.4-y]methoxy)-6-nitrobenzdate 
10 (3.89g, lOmmol) in methanol (80mD containing 10% platinmnon activated carbon (50% wet) 
(389mg) was hydrogenated at 1.8 atmospheres pressure until uptake of hydrogen ceased. The 
mixture was filtered and the filtrate was evaporated. The residue was dissolved in water 
(30ml) and adjusted to pHlO with a saturated solution of sodium hydrogen carbonate. The 
mixture was diluted with ethyl acetate/ether (1/1) and the organic layer was separated. The 
1 5 aqueous layer was further extiracted with ethyl acetate/ether and the organic layers were 
combined. Th^ organic layers were wadied wiih water, brine, dried QAgSO,\ filtered and 
evaporated. The resulting solid was triturated in a mixture of ether/petroleum ether, filtered, 
washed with petroleum ether and dried und^ vacuum at 60»C to give ethyl 6-amino-3- 

methoxy-4-(l-methy^piperidin-4-ylmethDxy)ben2oate (2.58g, 80%). 
20 nxp. 111-112°C 

MS (ESI): 323 [MBQ-' 

NMR Spectrum: (CDCy 1.35(t. 3H); 1.4-1.5(m, 2H); 1.85(m, 3H); 1.95(t. 2H); 2.29(s. 
3H); 2.9(d, 2H); 3.8(s, 3H);.3.85(d. 2H); 4.3(q, 2H); 5.55(hr s, 2H); 6.13(s. IH); 7.33(s, IH) 
Elemental analysis: Found C 62.8 H 8.5 N 8.3 

25 Q7H26N2O4 0.2H2O Requires C 62.6 H 8.2 N 8,6% 

A solution of ethyl 6-ainino-3-meihoxy-4-(l-inethy^q,eridin-4-ylmethoxy)benzoate 
(16.1g. 50mmol) in 2-methoxyefhanol (160ml) containing foimamidine acetate (5.2g. 50mmol) 
was heated at 115»C for 2 hours. Pbimamidine acetate (10.4g, lOOmmol) was added in 
portions every 30 minutes over 4 hours. Heating was prolonged for 30 minutes after the last 
30 addition. After cooling, the volatiles were removed under vacuum. The soHd was dissolved in 
ethanol (100ml) and methylene chloride (50mD. The precq,itate was removed by filtration and 
the filtrate was concentrated to a final volume of lOQmL The suspension was cooled to 5-C • 
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and the soKd was collected by filtration, washed with cold efliaaol followed by ether and dried 
xinder vacuum overnight at SO^'C to give 6-metho3q^-7-(l-nietby]piperidin-4-ylmetlioxy)-3,4- 
dihydroqiiinazolin-4-one (12.7g, 70%). 
MS (ESI): 304 CMH]-" 

5 'H NMR Spectrum: (DMSOd^) 1.25-1.4(m, 2H); 1.75(d, 2H); 1.9(t, IH); 1.9(s, 3H); 2.16(s, . 
2H); 2.8(d, 2H); 3.9(s, 3H); 4.0(d, 2H); 7.11(s, IH); 7.44(s, IH); 7.97(s, IH) 

A solution of 6-methoxy-7-(l~methylpiperidin-4-y]methoxy)-3,4-dihydroqu^ 
one (2.8g, 9.24nimDl) in thionyl chloride (28inl) containing DMF (280ptl) was heated at reflux 
at SS^'C for 1 hour. After cooling, the volatiles were removed by evaporation. The precipitate 
1 0 was triturated with ether, filtered, washed with ether and dried under vacuum The solid was 
dissolved in methylene chloride and saturated aqueous sodium hydrogen carbonate was added. 
The organic layer was separated, washed with water, brine, dried (MgS04) and evaporated to 
give 4-cMoro-6-methoxy-7-(l-inethylpiperidia-4-ylna.ethoxy)quina2» (2.9g, 98%). 
MS (ESI): 322 [MH]-" 

15 NMR Spectrum: (DMS0d6) 1.3-1.5(m, 2H); 1.75-L9(m, 3H); 2.0(t, IH); 2.25(s, 3H); 
2.85(d, 2H); 4.02(s, 3H); 4.12(d, 2H); 7.41(s, IH); 7.46(s, IH); 8.9(s, IH) 

Altematively, the 6-methoxy-7-(l-methylpiperidin-4-ylmethoxy)-3,4- 
dihydroquinazolin-4-one can be prepared as follows: 

Sodium hydride (1.44g of a 60% suspension in mineral oil, 36iinnDl) was added in 

20 portions over 20 minutes to a solution of 7-benzyloxy-6-methoxy-3,4-dihydroquiQazolin-4-one 
(8.46g, 30mmol), (prepared, for example, as described in WO 97/22596, Example 1), in DMF 
(70ml) and the mbcture was stirred for 1.5 hours. Chloromethyl pivalate (5.65g, 37.5mmol) 
was added iu portions and the mixture stirred for 2 hours at ambient temperature. The mixture 
was diluted with ethyl acetate (100ml) and poured onto ice/water (400inl) and 2N hydrochloric 

25 acid (4ial). The organic layer was separated and the aqueous layer extracted with ethyl 
acetate, the cordbined extracts were washed with brine, dried (MgS04) and the solvent 
removed by evaporation The residue was triturated with a mixture of ether and petroleum 
ether, the solid was collected by filtration and dried under vacuum to give 7-benzyloxy-6- 
rnethoxy-3-((pivaloyloxy)methyl)-3,4-dihydroquina2olin-4-one (lOg, 84%). 

30 'H NMR Spectrum (DMSOdfi) l.ll(s, 9H); 3.89(s, 3H); 5.3(s, 2H); 5.9(s, 2H); 7.27(s, IH); 
7.35(m, IH); 7.47(t, 2H); 7.49(d, 2H); 7.51(s, IH); 8.34(s, IH) 
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AHtoe of 7-ben2ylo^.6-ine1tozy-3-((pivaloyloxy)me^ 
one (7g. 17.7iimol) and 10% palladium-on-charcoal catalyst (700nig) in etiiyl acetate (25Qni) 
DMF (50ml), methanol (50wi) and acetic acid (OJjnl) was stined under hydrogen at 
atmospheric pressure for 40 minutes. The catalyst was removed by filtration and the solvent 
5 removed from the filtrate by evaporation. The residue was triturated with ether, collected by 
filtration and dried under vacuum to give 7-hydroxy-6-metho:cy-3-((pivaloyloxy)methyl)-3.4- 
dfliydroquinaizoIin-4-one (4.36g, 80%). 

NMR Spectrum: (DMSOd.) l.l(s, 9H); 3.89(s, 3H); 5.89(s, 2H); 7.0(s, IH); 7.48(s IH)- 
8.5(s, IH) ' 

1 0 Trqjhenylphosphine (1.7g. 6.5mmol) was added under nitrogen to a suspension of 7- 

hydro^-6-methoxy-3-((phraloyloxy)methyl)-3.4-dihydroquina2ol^^^^ (1.53g. 5mmol) in 
methylene chloride (20ml), foUowed by the addition of l-(rm-butoxycarbonyl)-4- 
(hydroxymethyDpiperidine (1.29g, 6mmDl). (prepared as described for the starting material in •; 
process (a) above), and by a solution of diethyl azodicarboxylate (1.13g. 6.5mmDl) in 

15 ethylene cMoride (5ml). After stirring for 30 minutes at ambient temperature, ... 
mixture was poured onto a column of siHca and was eluted with ethyl acetate/petroleum ether 
(1/1 followed by 6/5, 6/4and7/3). Evaporationof the fractions containing the expected 
product led to an oil that crystallised foDowing trituration with pentane. The soHd was 
collected by filtration and dried under vacuum to give 7-(l-(rm-butoxycarbonyl)piperidin-4- 

20 ytoethoxy)-6-methoxy-3-((pivaloyloxy)methyl)-3,4-dihydroquinazo^^^^ 
MS - ESI: 526 [MNa]^ 

NMR Spectruna: (CDCI3) 1.20 (s, 9H). 1.2-1.35 (m, 2H), 1.43 (s, 9H), 1.87 (d. 2H), 2.05- 
2.2 (m, IH), 2.75 (t, 2H), 3.96 (d, 2H). 3.97 (s, 3H), 4.1-4.25 (hr s, 2H). 5.95 (s, 2H) 7 07 (s 
IH), 7.63 (s,lH), 8.17 (s,lH) 
25 Elemental analysis: R,und C 61.8 H 7.5 N 8.3 

C26H37N3O7 Requires C 62.0 H 7.4 N 8.3% 

A sohition of 7-(l-(fm-butoxycarbonyl)pq,eridin-4-y]methoxy)-6-methoxy-3- 
((pivaloyloxy)melhyl)-3,4-dihydroquinazolin-4-one (2.32g. 4.6mmol) in methylene chloride " 
(23ml) containing TFA (5ml) was stirred at ambient ten?)erature for 1 hour. The volatiles • 
30 were removed under vacuum. The residue was partitioned between ethyl acetate and sodium 
hydrogen carbonate. The organic solvit was ranoved under vacuum and the residue was 
filtered. The precipitate was washed with water, and dried under vacuum. The solid was 
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azeotroped with tolaeae aad dried, md^ vacuum to give 6-inethDxy-7-(piperidioL-4- 
ylmetii02y)-3-((pivaloylo^)niel]iyl)-3,4-dihydroqtii^^ (1.7g, 92%). 

MS - ESI: 404 [MEQ* 

NMR Spectrum (DMSOdg; CI^COOD) 1.15 (s, 9H), 1.45-1.6 (m, 2H), 1.95 (d, 2H). 2.1- 
5 2.25 <m, IH), 2.95 (t, 2H), 3.35 (d, 2H), 3.95 (s, 3H), 4.1 (d, 2H), 5.95 (s, 2H). 7.23 (s, IH), 
7.54 (s, IH), 8.45 (s, IH) 

A 37% aqueous solution of formaldehyde (501/il, 6mmol) followed by sodium 
cyanoborohydride (228mg, 3.6rainol) were added in portions to a solution of 6-metiiDxy-7- 
(pq)eridin-4^y]n]etbDxy)-3-((pivaloyloxy)mBthyl)-3,4-di^^ (l-21g, 3nimoI) 

10 inamixtureofTHF/methanol(10iril/10mI). After stirring for 30 nainutes at anflaeut 

teuoperature, the organic solvents were removed under vacuum and £he residue was partitioned 
between methylene chloride and water. The organic layer was separated, washed with water 
and brine, dried Qs/LgSO^) and the volatiles were removed by evaporatioiL The residue was 
triturated with ether aad the resulting solid was collected by JBltration, washed with ether and 
1 5 dried under vacuxnn to give 6-methoxy-7-(l-methylpipOTdin-4-ylmethoxy)-3- 
((pivaloyloxy)methyl)-3,4-dihydroquinazolin-4-one (1.02g, 82%). 
MS - BSI: 418 [MH]+ 

NMR Spectrum: (CDCI3) 1.19 (s, 9H), L4-1.55 (m, 2H), 1.9 (d, 2H), 2.0 (t, 2H), 1.85-2.1 
(m, IH), 2.3 (s, 3H), 2.92 (d, 2H), 3.96 (s, 3H), 3.99 (d, 2H), 5.94 (s, 2H), 7.08 (s, IH), 7.63 

20 (s, IH), 8.17(s, IH) 

A saturated solution of anomonia in methanol (14inl) was added to a solution of 6- 
inethoxy-7-(l-methylpiperidiQ-4-ylmethoxy)-3-((pivaloyloxy)methyl) 
one (1.38g, 3.3nniiol) in methanol (5nil). After stirring for 20 hours at anibient tencperature, 
thesuspension was diluted with naethylene chloride (lOnd). The solution was filtered. The 

25 filtrate was evaporated under vacuum and the residue was triturated with ether, collected by 
filtration, washed with ether and dried under vacuum to give 6-methoxy-7-(l-inethylpiperidin- 
4-yln3ethoxy)-3,4-dihydroquina2o]in-4-one(910rcig, 83%). 
MS - ESI: 304 [MHf 

'H NMR Spectrum: (DMSOd^) 1.3-1.45 (m, 2H), 1.75 (d,-2H), 1.7-1.85 (m, IH), 1.9 (t, 2H), 
30 2.2 (s, 3H), 2.8 (d, 2H), 3.9 (s, 3H), 4.0 (d, 2H), 7.13 (s, IH), 7.45 (s, IH), 7.99 (s, IH) 

The following tests were used to demonstrate the activity of ZD6474 in conabination 
with 5-FU and CPT-11. 
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Huipa^ T.S-174T coToti finnour x«nn fm.ft^ mNudP-mhoi^. 

10' LS-174T tumo^ cells in 0.2 inl of serum free RosweH Park M^orial Institute 
(RPMD- 1640 xnedinm were injected subcutaneously (s.c.) into the flanks of 10 alijanic (^nuMu 
. genotype) mice. Whentumoursizesieached700-1000W (3-4 weeks), tumonrs were 
5 surgxcany excised and smaHer tumour fragments thereof (20-30 mg) were implanted 
■ nght flarfc of 120 Nude mice. When tumours reached a volume of 100 to 200 mm^ (14-16 
days after the graft), mice were randomized into groups (13 - 15 per group) and treatment 



S.C. in the 



started. 



15 



10 (a) S-FU + ZD5474 

. The control group (Group 1) received a dafly oral (p.o.) administration of ZD6474 vehicle 
. for 14 consecutive days (day 0 - 13) combined with two intravenous (iv) injections of 
saline (the vehicle for 5-FU) on day 0 and 7. 

For Group 2, the treatments consisted of a daily p.o. administration of ZD6474 alone at 
25mg/kg/adminstration for 14 consecutive days (day 0 - 13) combined with two iv > 
injections of saline (the vehicle for 5-KJ) on day 0 and 7. ZD6474 was prepared as a 
suspension in 1% polysorbate 80 (ie. a 1% (v/v) solution of polyoxyethylene (20) sorbitan 
mono-oleate in deioiiised water). 

•Group 3 received two iv. injections of S-FQ at 75mg/kg/injection. on day 0 and 7. • 
combined with a daily p.o. administration of ZD6474 vehicle for 14 consecutive days (day 
0-13). 

• Group 4 received dafly p.o. administration of ZD6474 at 25mg/kg/adminstiation for 14 
consecutive days (day 0 - 13) combined with two iv injections of 5-FU at 
75mg/kg/injection, on day 0 and 7. 

25 'I^^«^^trationvoWof2X)6474wasl0.0m]/kg(200Mlfora20gmouse) The 

injection volume of 5-FU was 10.0 ml/kg (200 ^1 for a 20 g mouse). 
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Group 


Treatments 


Combined 
drag doses 

(mg 
base/kg^j.) 


Adm* route 


No. 

Treatments 


No. 
Treatment 
/day 


Days- 
interval 
between 
treatment 

(Days) 


1 


Vehicles of 
ZD6474 
and5-FU 


0.0 


p.o. forZD6474 
vehicle 
Lv. for saline 


14 p.o. 
2Lv. 


1 p.o. 
liv. 


1 for p.o. 
7 for iv. 


2 


ZD6474 + saline 


25.0 


p.o, forZD6474 
iv. for saline 


14 p.o. 
2Lv. 


1 p.o. 

1 iv. . 


1 for p.o. 
7 for iv. 


3 


5-FU + ZD6474 
vehicle 


75.0 


i.v. for 5~FU 
p.o. for ZD6474 
vehicle 


14 p.o. 
2i.v. 


1 p.o. 
liv. 


1 for p.o. 
7 for iv. 


4 


ZD6474 + 5-FU 


25.0 for 
ZD6474 
75.0 for 5-FU 


p.o. for ZD6474 
i.v. for 5-FU 


14 p.o. 
2 iv. 


1 p.o. 
liv. 


1 for p.o. 
7 for Lv. 



Tumor volumes (mm^) were assessed at least twice weeMy by bilateral Vernier caliper 
measurement and, taking length to be the longest diameter across the tumor and width the 
5 corresponding perpendicular, calculated using the formula (nl6) x (length x width) x v (length 
X width). Growth iiihibition from the start of treatment was assessed by comparison of the 
dijfferences in tumor volume between control and treated groups. For all mice, the study was 
stopped when tumours reached 2,000 mm^. For all mice, the tumours were excised and 
weights recorded upon termination of the study. 

10 
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■ZD6474 25mg/kg 
5FU 75mgy1<g 
ZD6474 + 5FU 




Days Post tumour Selection 



Treatment 


Inhibition of 
Control Tumour 
Growth at day 13 


P value (one-tailed 
two-sample ?-test) 


Regressions* 










ZD6474 
(25mg/kg/day p.o., d 0 - 13) 


80 % 


0.01 


5/15 


5-FU 

(75 mg/kg iv., d 0 and 7) 


68 % 


0.03 


6/15 


ZD6474 + 5-FU 


107 % 
(Regression.) 


0.002 


8/13 



Number of tumours which had regressed by > 10% in volume by day 13. when conpared 
with their pre-treatmen.t volume on day 0. 
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The combination of 5-FQ with ZD6474 produced a signifLcantly greater inhibition of 
tumour growth than 5-FU alpne (P= 0.018 at day 13, by one-tailed two-san5)le t test). 

The combination of 5-FU with ZD6474 produced a signifiLcantly greater inhibition of 
tumour growth than ZD6474 alone, (P= 0.027 at day 13, by one-tailed two-sample t test). 
5 The combination of 5-FU with ZD6474 produced more tumour regressions (62%) than 

ZD6474 alone (33 %) or 5-.FU alone (40%). 

(b) CPT-11 + ZD6474 

• The control groiq) (Group 1) received a daily oral (p.o.) administration of ZD6474 vehicle 
10 for 14 consecutive days (day 0 — 13) combined with two intravenous (iv.) injections of 

saline (the vehicle for CFT-ll) on day 0 and 7. The control group was not continued past 
this period, as some of the tumour volumes were considered too large (- 2 cm^). 

• For Group 2, the treatments consisted of a daily p.o. administration of ZD6474 alone at 
25mg/kg/adi3Qinstration for 21 consecutive days (day 0 - 20) combined with three Lv. 

1 5 injections of saline (the vehicle for CPT-1 1) on day 0, 7 and 14, ZD6474 was prepared as a 
suspension in 1% polysorbate 80 (i.e. a 1% (v/v) solution of polyoxyethylene (20) sorbitan 
mono-oleate in deionised water). 

• Group 3 received three iv. injections of CPT-1 1 at 20mg/kg/injection; on day 0, 7 and 14, 
combined with a daily p.o. administration of ZD6474 vehicle for 21 consecutive days (day 

20 0-20). 

• Group 4 received daily p.o. adrninistration of ZD6474 at 25mg/k:g/adminstration for 21 
consecutive days (day 0 - 20) combined witii three iv. injections of 5-FU at 
20mg/kg/injection, on day 0, 7 and 14. 

The administration volume of ZD6474 was 10.0 ml/kg (200 /il for a 20 g mouse). The 
25 injection volume of CFT-l 1 was 10.0 ml/kg (200 ^l\ for a 20 g mouse). 
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Group 


Treatments 


Combined drug 
doses 
(mg 
base/kg/lnj.) 


Adm« route 


No. 
Treatments 


No. 

Treatment 
/day 


Days- 
interval 
between 
treatment. 
(Days) 


1 


Vehicles of 

ZD6474 
andCPT-11 


0.0 


p.o. for 
ZD6474 
vehicle 
iv. for saliae 


14 p.o. 
2iv. 


1 p.o. 
liv. 


1 for p.o. 
7 for iv. 


2 


ZD6474 + saliae 


25.0 


p.o. for 
ZD6474 
iv. for saline 


21 p.o. 
3iv. 


1 p.o. 
1 iv. 


1 for p.o. 
7 for iv. 


3 


CPT-11 + ZD6474 
vehicle 


20.0 


iv. forCPT-11 
p.o. for 
ZD6474 
vehicle 


21 p.o. 
3 iv. 


1 p.o. 
liv. 


1 for p.o. 
7 for iv. 


4 


ZD6474+CPT-11 


25.0 for ZD6474 
20.0 for CPT-11 


p.o. for 
ZD6474 
iv. for CPT-11 


21 p.o. 
3 iv. 


1 p.o. 
liv. 


1 for p.o. 
■ 7 for iv. 



Tumor volumes (mm^) were assessed at least twice weekly by bilateral Vernier calqjer 
measurement and, taking length to be the longest diameter across the tumor and widtiti the 
5 corresponding perpendicular, calculated using the formula (7t/6) x Oength x width) x v Gength 
X width). Growth inhibition from the start of treatment was assessed by coii5)arison of the 
differences in tumor volume between control and treated groups. For afl mice, the study was 
stopped when tumours reached 2,000 mm^ For all mice, the tumours were excised and 
wei^ats recorded upon tennination of the study. 

10 
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The naean tumour voluinBS on day 20 for mice treated witii ZD6474 (25mg/kg/day p.o., 
d 0 - 20), CPT-11 (20 mg/kg iv,, d 0, 7 and 14), or the combination thereof, were 475mm^, 
5 552inm^ and 33 6nmi^ respectively. 

An aaalogous experimeat may be used to look at the combiaation of ZD6474, 5-FU 
and CFT-l 1 iQ li)is aniinal inodeL 
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CLAIMS 

1. Use of 2D6474 or a phaimaceutically acceptable salt tiiereof and one of: 
a) 5-FU; 

5 b) CPT-ll;and 

c) 5-FU and CPT-11 

in the manufacture of a medicament for use in the production of an antiangiogenic and/or 
vascular percneabiKty reducing effect in a wamt-blooded animal such as a human. 

1 0 2. Use of ZD6474 or a phaimaceutically acceptable salt thereof and one of: 

a) 5-FU; 

b) CPT-11; and 

c) 5-FU and CPT-11 

in th& manufacture of a medicament for use in tihe production of an anti-cancer effect in a 
1 5 warm-blooded animal such as a human. 

3. Use of ZD6474 or a pharmaceutically acceptable salt thereof and one of: 

a) 5-FU; 

b) CPT-11; and 

20 c) 5-FU and CPT-11 

in the manufacture of a medicament for use in the production of an anti-tumour effect in a 
warm-blooded aTifmal such as a human. 

4. Use of ZD6474 or a phanooaceutically acceptable salt thereof and 5-FU in the 
25 mamifecture of a medicament for use in the production of an anti-cancer effect in a 

warm-blooded animal such as a human which is being treated with ionising radiatioxi. 

5. Use of ZD6474 or a pharmaceutically acceptable salt thereof and CPT-1 1 in tb& 
manufacture of a medicament for use in the production of an anti-cancer effect in a ' . 

30 waim-blooded animal such as a human which is being treated with ionising radiation. 
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6. Use of ZD6474 or a phaimaceutically acceptable salt thereof and 5-FU and CPT-1 1 
in the manufacture of a naedicanamt for use in the production of an anti-cancer effect in a 
waim-blooded animal such as a human which is being treated with ionising radiation. 

5 7. A pharmaceutical composition comprising ZD6474 or a pharmaceutically acceptable 

salt thereof, and 5-FU in association with a phaimaceuticaly acceptable excipient or carrier. 

8. A pharmaceutical composition comprising ZD6474 or a pharmaceutically acceptable 
salt thereof, and CPT- 11 in association with a pharmaceutically acceptable excipient or cairier. 

10 

9. A pharmaceutical composition comprising ZD6474 or a pharmaceutically acceptable 
salt thereof, and 5-FU and CFT- 11 in association with a pharaiaceutically acceptable excipient 
or carrier. 
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